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A BSTRACT 

A program t o  demonstrate a method f o r  d e f l e c t i n g  t h e  ion  beam 

from a n  ion  t h r u s t o r  i s  descr ibed.  B e a m  d e f l e c t i o n s  of z e r o  t o  s i x  

degrees  r e l a t i v e  t o  the  t h r u s t o r  a x i s  of symmetry were produced i n  

each of t h r e e  e q u a l l y  spaced azimuthal d i r e c t i o n s  by means o f  

p o t e n t i a l s  app l i ed  t o  a n  a r r a y  of e l e c t r o s t a t i c  d e f l e c t i o n  e l ec t rodes .  

Two ion t h r u s t o r  systems each c o n s i s t i n g  of t h r u s t o r ,  p rope l l an t  feed, 

beam d e f l e c t i o n  e l e c t r o d e s  and console f o r  supplying, c o n t r o l l i n g ,  and 

measuring all power t o  t h e  t h r u s t o r  were f a b r i c a t e d  and operated t o  

demonstrate  bean? d e f l e c t i o n .  Selected environmental  t e s t s  were 

s u c c e s s f u l l y  conducted on one of the t h r u s t o r s ,  

7 028 -F i 



CONTEhTS 

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7 .  

8. 

INTRODUCTION 

I O N  THRUSTOR SYSTEM DESCRIPTION 

2 . 1  T h r u s t o r  

2 . 2  Power S u p p l y  C o n s o l e  

2 . 3  D e l i v e r a b l e  Hardware F a b r i c a t i o n  

THRUSTOR SYSTEM OPERATING DATA 

BEAM DEFLECTION MEASUREMENTS 

THRUSTOR ENVIRONMENTAL TESTING 

THRUSTOR SYSTEM OPERATIONAL PROCEDURES 

4 . 1  R e s e r v o i r  F i l l i n g  

6 . 2  Engine  Moun t ing  

6 . 3  C o n s o l e  C o n n e c t i o n s  

6 . 4  P r e l i m i n a r y  Checks  

4 . 5  E n g i n e  O p e r a t  i o n  

6 .6  Shutdown P r o c e d u r e  

6 . 7  Eng ine  Removal 

POWER SUPPLY CONSOLE FUNCTIONAL TEST PROCEDURES 

7 . 1  Sys t em Power P a n e l  

7 . 2  N e u t r a l i z e r  P a n e l  

7 . 3  I o n i z e r  P a n e l  

7 .4  V a p o r i z e r  P a n e l  

7 . 5  P o s i t i v e  Power S u p p l y  P a n e l  

7 . 6  N e g a t i v e  Power S u p p l y  P a n e l  

7 . 7  D e f l e c t i o n  P l a t e  Power Supply  P a n e l  

7 . 8  C o n s o l e  I n t e r l o c k  System 

CONCLUSIONS AND RECOMMENDATIONS 

APPENDIX 

1 

i 

1 

4 

7 

8 

8 

19 

20  

20 

2 1  

22 

25 

26 

26 

27 

27  

27 

2 8  

2 8  

29 

29 

30 

31 

31 

32 

34 

7028-F ii 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ILLUSTWIT IONS 

M i c r o t h r u s t o r ,  Def l ec t ion  P l a t e s  and N e u t r a l i z e r  

I o n i z e r  Assembly 

M i c r o t h r u s t o r ,  Front  View 

M i c r o t h r u s t o r ,  Rear View 

Power Supply Console 

M i c r o t h r u s t o r ,  Def l ec t ion  Display Assembly 

E l e c t r i c  F i e l d  Configurat ions 

B e a m  D e f l e c t i o n  ve r sus  Def l ec t ion  P o t e n t i a l  

Photographs of Fluorescent  B e a m  Display 

B e a m  D e f l e c t i o n ,  Measurement 

TABLES 

I Thrus to r  Operating Data 

I1 N e u t r a l i z e r  Data 

I11 D e f l e c t i o n  E lec t rode  Current  

7028-F iii 

Assembly 2 

3 

5 

5 

6 

11 

13 

16 

17 

18 

9 

10 

15 



FOREWORD 

T h i s  r e p o r t  covers  t h e  work performed under Con t rac t  NAS3-7936 

d u r i n g  the  period 6 December 1965 t o  6 June 1966, The p r i n c i p a l  

o b j e c t i v e  of  t h e  program w a s  t o  demonscrdie a iiisthoc! f e r  d e f l e c t i n g  

t h e  ion  beam from a c o n t a c t  i o n  t h r u s t o r ,  Beam d e f l e c t i o n s  o f  z e r o  

t o  s i x  degrees  r e l a t i v e  t o  the  t h r u s t o r  a x i s  o f  symmetry were 

produced i n  each of  t h r e e  e q u a l l y  spaced az imutha l  d i r e c t i o n s  by 

means of p o t e n t i a l s  a p p l i e d  t o  a n  a r r a y  of e l e c t r o s t a t i c  d e f l e c t i o n  

e l e c t r o d e s .  Two ion t h r u s t o r  systems each c o n s i s t i n g  of t h r u s t o r ,  

p rope l l an t  feed, beam d e f l e c t i o n  e l ec t rodes ,  and console  f o r  supplying, 

c o n t r o l l i n g ,  and measuring a l l  power t o  the  t h r u s t o r  were f a b r i c a t e d  

and operated t o  demonstrate  beam d e f l e c t i o n .  Se lec t ed  environmental  

t e s t s  were s u c c e s s f u l l y  conducted on one of t h e  t h r u s t o r s ,  

The program manager was D r ,  Robert Me Worlock, T h r u s t o r  

development and t e s t i n g  was c a r r i e d  ou t  by M r .  Eugene Caplinger,  

M r .  W i l l i a m  Ramsey and M r .  John Hayes. M r .  A 1  Kosky supp l i ed  t h e  

p r o p e l l a n t  feed systems, M r .  Terence D i l l o n  was r e spons ib l e  f o r  t h e  

power supply consoles  and M r .  Sid Zafran a s s i s t e d  with t h e  q u a l i t y  

a s su rance  po r t ions  o f  t he  program, 
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1. INTRODUCTIDN 

Th i s  r e p o r t  d e s c r i b e s  a program c a r r i e d  out  t o  accomplish t h e  

f o  1 lowing t a s k s  : 

1, Develop a method of  e l e c t r o s t a t i c a i i y  der'iei-Clr;g 32 inn 

beam 

2. F a b r i c a t e  a s  d e l i v e r a b l e  iiardware two ion t h r u s t o r  systems 

each c o n s i s t i n g  of t h r u s t o r ,  p rope l l an t  feed, and power 

supply c o n t r o l s  and inco rpora t ing  the  beam d e f l e c t i o n  

e l e c t r o d e  developed under (1) above. 

3.  T e s t  and performance map t h e  t h r u s t o r  systems 

4 .  Conduct s e l e c t e d  environmental t e s t s  on one of t h e  t h r u s t o r s  

5 .  D e l i v e r  t he  two t h r u s t o r  systems t o  the  NASA L e w i s  Research 

Center. 

Subsequent s e c t i o n s  of t h i s  r epor t  d e s c r i b e  i n  more d e t a i l  t h e  

work accomplished. 

2. ION THRUSTOR SYSTEM DESCRIPTION 

2.1 T h r u s t o r  

The t h r u s t o r  i s  a s i n g l e  source con tac t  type;  i t s  conf igu ra -  

t i o n  i s  shown i n  Fig. 1. The i o n i z e r  i s  a f l a t  porous tungs t en  bu t ton  

electron-beam welded t o  one end of a molyrhenium cesium vapor feed 

tube.  I o n i z e r  h e a t e r  power i s  suppl ied by a sheathed h e a t e r  brazed 

t o  t h e  tube near  t h e  i o n i z e r  button. Ion beam focusing is  provided 

by a c o n i c a l  focusing e l e c t r o d e  which surrounds t h e  i o n i z e r  but ton 

i n  a n  approximation of the P ie rce  geometry. The high temperature  end 

of t h e  molyrhenium tube i s  thermally i n s u l a t e d  with a l t e r n a t e  l a y e r s  

o f  F i b e r f r a x  and metal  f o i l ,  The c o o l e r  end of t h e  molyrhenium feed 

i s  brazed t o  a s t a i n l e s s  s t e e l .  feed tube which i s  a t t a c h e d  t o  a f lange 

used both f o r  mechanical support  and f o r  mating t o  t h e  cesium r e s e r v o i r ,  

The i o n i z e r  assembly i s  shown i n  Fig.  2, 
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Cesium is s t o r e d  i n  the  c o n i c a l  r e s e r v o i r  shown i n  Fig. 1, 

Capaci ty  is  approximately 50 grams. I n  i t s  intended zero-g configura-  

t i o n  a porous n i c k e l  wick extends along t h e  axis and a set  of nes t ed  

c o a x i a l  cones surround t h e  wick and provide t h e  c a p i l l a r y  pumping 

r equ i r ed  t o  keep t h e  l i q u i d  i n  contact  w i th  t h e  porous rod. The wick 

extends out  of t h e  r e s e r v o i r  and up  the  feed tube  t o  the  vapor i ze r  

heater shown surrounding t h e  feed t u b e  i n  Figs .  1 and 2. When power 

is a p p l i e d  t o  t h i s  h e a t e r ,  t h e  end o f  t h e  wick i s  heated and cesium 

i s  vaporized. 

I n  t h e  l a b o r a t o r y  o r  one-g v e r s i o n  of t h i s  p r o p e l l a n t  feed 

system the  nested c o a x i a l  cones are  l e f t  out  and t h e  r e s e r v o i r  end of 

t h e  porous rod i s  bent down t o  con tac t  t h e  l i q u i d  cesium i n  t h e  bottom 

of t h e  r e s e r v o i r .  

The valve on t h e  rear of t he  r e s e r v o i r  i s  a r e l i e f  valve 

provided f o r  evacua t ion  of t h e  r e s e r v o i r  d u r i n g  vacuum chamber pump- 

down, I f  t h e  r e s e r v o i r  is n o t  vented t h e  gas t r apped  i n s i d e  t h e  reser- 

v o i r  must escape through t h e  i o n i z e r  and o f t e n  c a r r i e s - l i q u i d  cesium 

a l o n g  wi th  it ,  

The t h r u s t o r  is supported by a mounting r ing.  The i o n i z e r  

assembly and feed system are  supported by means of t h r e e  alumina 

i n s u l a t o r s  a t t a c h e d  t o  t h e  mounting r i n g s  by clamps around t h e  middle 

o f  t h e  i n s u l a t o r s .  The o t h e r  end of t h e  i n s u l a t o r s  a r e  used t o  support  

t h e  a c c e l e r a t o r  e l ec t rode .  A ground p o t e n t i a l  p l a t e  is supported from 

t h e  main mounting r i n g ;  t h i s  p l a t e  s e r v e s  both as a d e c e l e r a t i n g  e l e c t r o d e  

and as a mounting f o r  t h e  d e f l e c t i o n  p l a t e s  and n e u t r a l i z e r ,  Front  and 

rear views of t h e  assembled t h r u s t o r  are shown i n  Figs.  3 and 4 .  

Opera t ion  of t h e  t h r u s t o r  i s  covered i n  Sec t ion  6 ,  T h r u s t o r  System 

0 pe ra  t iona 1 Procedures . 
2,2 Power Supply Console 

To o p e r a t e  t h e  t h r u s t o r  t h e  power supply console  shown i n  

Fig.  5 w a s  designed and b u i l t .  

seven modular u n i t s .  Master Power Con t ro l  c o n t r o l s  and d i s t r i b u t e s  

The console  c o n s i s t s  b a s i c a l l y  of 
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FIG. 5 POWER SUPPLY CONSOLE 

7 028-F 6 



110 Vac power t o  a l l  o t h e r  modules. The N e u t r a l i z e r  Heater  module 

provides v a r i a b l e  h e a t e r  power and meters f o r  measuring h e a t e r  

vol tage,  h e a t e r  c u r r e n t  and e l e c t r o n  emission cu r ren t .  The I o n i z e r  

Hea te r  module provides v a r i a b l e  i o n i z e r  h e a t e r  power and meters f o r  

measuring h e a t e r  vo l t age  and h e a t e r  cu r ren t .  

provides vapor i ze r  h e a t e r  power, meters f o r  measuring h e a t e r  v o l t a g e  

z=;d h e s t e r  czrrent; and c i r c u i t r y  f o r  feedback c o n t r o l  of v a p o r i z e r  

h e a t e r  power t o  maintain t h e  d e s i r e d  ion  beam cur ren t .  The P o s i t i v e  

Power Supply provides v a r i a b l e  i o n i z e r  assembly high vo l t age  and 

meters f o r  measuring vo l t age  and cu r ren t .  Overload c i r c u i t r y  i s  

provided which t u r n s  o f f  t h e  supply momentarily when a c u r r e n t  overload 

i s  sensed, The Negative Power Supply is  s i m i l a r  but provides v a r i a b l e  

nega t ive  p o t e n t i a l  f o r  the a c c e l e r a t o r  e l ec t rode .  The D e f l e c t i o n  P l a t e s  

Power Supply provides v a r i a b l e  negat ive p o t e n t i a l  and meters f o r  

measuring vo l t age  and cu r ren t .  A f ron t  panel switch switches t h e  

ou tpu t  t o  any one of f o u r  output  terminals and grounds t h e  o t h e r  t h r e e ,  

The Vaporizer  module 

More d e t a i l e d  information on vo l t age  and c u r r e n t  ranges,  

i n t e r l o c k i n g  arrangements, z e r o - s t a r t  f e a t u r e ,  e t c .  may be found i n  

S e c t i o n  6 ,  Thrus to r  System Operat ional  Procedures and Sec t ion  7, Power 

Supply F u n c t i o n a l  T e s t  Procedures. 

2.3 D e l i v e r a b l e  Hardware F a b r i c a t i o n  

Two complete systems a s  desc r ibed  above were f a b r i c a t e d  and 

assembled f o r  t e s t  and u l t i m a t e  de l ive ry .  I n  t h e  f a b r i c a t i o n  and 

assembly of t h e  t h r u s t o r s ,  procedures were followed as s p e c i f i e d  i n  

Q u a l i t y  Assurance Plan, EOS Report 6954-QAP-1, t h e  q u a l i t y  a s su rance  

document used on o t h e r  e l e c t r i c  propulsion programs conducted f o r  t h e  

NASA L e w i s  Research Center  by EOS. Q u a l i t y  Assurance on the  power 

supp ly  consoles  were handled by cons ide r ing  t h e  console modular units 

as t h e  component parts of t h e  system and by s u b j e c t i n g  t h e  modules 

t o  t h e  f u n c t i o n a l  t e s t  procedures descr ibed i n  Sec t ion  7, Power Supply 

Console F u n c t i o n a l  Test Procedures, 
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3 .  THRUSTOR SYSTEM OPERATING DATA 

The two d e l i v e r a b l e  t h r u s t o r  systems were performance mapped f o r  

t e n  hours each. T y p i c a l  o p e r a t i n g  data  a r e  presented i n  Tables  I and 

11. Beam d e f l e c t i o n  d a t a  a r e  presented i n  S e c t i o n  4. 

4.  BEAM DEFLECTION MEASUREMENTS 

The technique used f o r  obse rva t ion  of beam d e f l e c t i o n  i s  a 

v i s u a l  one previously developed a t  EOS on an ion  microscopy p r o j e c t ,  

An assembly drawing of t h e  instrument i s  shown i n  Fig,  6. Ions 

a r r i v e  from the  l e f t  and a r e  p a r t i a l l y  c o l l e c t e d  on a 50 percent 

t r a n s p a r e n t  s t a i n l e s s  s t e e l  converter  g r i d  (5) which is maintained 

nea r  z e r o  p o t e n t i a l .  Secondary e l e c t r o n s  produced by t h e  ion  

bombardment a r e  a c c e l e r a t e d  t o  a n  aluminized phosphor s c r e e n  (1) 

maintained a t  approximately 10 k i l o v o l t s  p o s i t i v e ,  Those ions which 

p e n e t r a t e  t h e  c o n v e r t e r  g r i d  a r e  e n e r g e t i c a l l y  incapable  of reaching 

t h e  phosphor and are r e tu rned  t o  the conve r t e r  g r i d  where more 

secondary e l e c t r o n s  a r e  produced. I f  the ions do no t  pass through t h e  

c o n v e r t e r  g r i d  a long  a l i n e  perpendicular  t o  t h e  g r i d  plane, they w i l l  

not  r e t u r n  t o  t h e  g r i d  a t  t h e  point through which they  o r i g i n a l l y  

passed. The l o s s  of r e s o l u t i o n  caused by t h i s  l a t e r a l  motion is  not 

s e r i o u s  i n  t h e  present  a p p l i c a t i o n ,  however. The l i g h t  i n t e n s i t y  

produced by the  phosphor is  d i r e c t l y  r e l a t e d  t o  t h e  i n c i d e n t  ion 

c u r r e n t  d e n s i t y  and may be observed from o u t s i d e  t h e  vacuum chamber 

through t h e  t r a n s p a r e n t  P l e x i g l a s  f lange (7)- A r e t i c l e  w a s  mounted 

wi th  t h e  phosphor sc reen  t o  a i d  i n  making d e f l e c t i o n  measurements. 

E l e c t r i c a l  l eads  could have been brought out through t h e  P l e x i -  

g l a s  f lange,  but i n  t h e  present  a p p l i c a t i o n  it  w a s  considered more 

convenient  t o  b r i n g  them ou t  through a separate f lange.  Operat ion . 

of  t h e  instrument was q u i t e  s a t i s f a c t o r y  and ample l i g h t  f o r  e i t h e r  

v i s u a l  obse rva t ion  o r  photography was produced wi th  an i n c i d e n t  i on  

c u r r e n t  d e n s i t y  o f  1 microampere/cm2 and phosphor p o t e n t i a l  of 5 

k i l o v o l t s .  Although phosphor l i g h t  output  is  p ropor t iona l  t o  e l e c t r o n  

c u r r e n t  d e n s i t y ,  t h i s  instrument should probably be regarded as 
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ments o f  NAS 3-7936, Exh ib i t  A. 

PARAMETER 

I o n i z e r  h e a t e r  vo l t age  

I o n i z e r  h e a t e r  c u r r e n t  

Vaporizer  h e a t e r  vo l t age  

Vaporizer  h e a t e r  c u r r e n t  

I o n i z e r  high vo Ita ge 

I o n i z e r  c u r r e n t  

A c c e l e r a t o r  vo l t age  

A c c e l e r a t o r  c u r r e n t  

I o n i z e r  temperature 

Vaporize r temperature 

Chamber P res su re  

SYMBOL 

i h  

'ih 
V 

I 
VaP 

va P 

v+ 
I+ 
- v 
I - 

i on  
T 

P 
VaP 

TABLE I 

THRUSTOR OPEMTING DATA 

The fol lowing t a b l e  l i s ts  a s e t  o f  o p e r a t i n g  d a t a  f o r  t he  two 

EUS p-3d microrriirustors. These &+,a were taken while  t h e  engines  

were being performance mapped according t o  t h e  c o n t r a c t u a l  r e q u i r e -  

THRUSTOR 1 

7 - 8  v o l t s  

2.7 amps 

2.8 v o l t s  

1.5 amps 

2.0 k i l o v o l t s  

1.18 m i l l i a m p s  

2.0 k i  lovo I t s  

0.18 m i l l i a m p  

1 15 O°C 

3 10°C 

2 . 5 ( 10) -6 

THRUSTOR 2 

7.0 

2.4 

3.2 

1.4 

2.0 

1.35 

4.0 

0.32 

1060 

292 
1.5 ( 
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TABLE I1 
NEUTRALIZER DATA 

The fol lowing t a b l e  shows the ope ra t ing  c h a r a c t e r i s t i c s  of t h e  
----.--- ..-- nnnrl+;nn llrULLd?LCL VyLL-CA. .b  C?I? 2 2 kVi 1 mA ion beam. The d a t a  were taken 

i n  a vacuum chamber which had an e l e c t r o s t a t i c  l i n e r  which could 

f l o a t "  above ground. (The dc voltage recorded corresponds t o  t h e  I t  

l i n e r  po ten t i a  1.) 

'nh 
(vo Its 1 

4.0 

4.0 

3.8 

3.7 

3.5 

0 

3.7 

3.6 

3.55 

3.45 

3.40 

3.25 

3 - 0 0  

0 

ENGINE 1 

Inh 
(amps 1 
3.9 

3.9 

3. a 
3.7 

3.55 

0 

ENGINE 2 

4.0 

3.95 

3.88 

3.80 

3.75 

3.60 

3-45 

0 

n I 

(d) 

1.2 

0.9 

0.7 

0.5 

0.3 

0 

0.73 

0.6 

0.5 

0.38 

0,30 

0.20 

0.10 

0 

'dc 
( v o l t s )  

16 

3 0  

95 

17 0 

4 00 

6 00 

110 

260 

53 0 

7 00 

780  

88 0 

980 

12 00 
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providing a q u a l i t a t i v e  i n d i c a t i o n  s ince  e f f e c t s  such as  change of 

secondary e l e c t r o n  emission c o e f f i c i e n t  with cesium coverage and 

change o f  phosphor c h a r a c t e r i s t i c s  a s  cesium and s p u t t e r e d  s t a i n l e s s  

a r e  depos i t ed  could change t h e  ion  c u r r e n t  d e n s i t y - l i g h t  output  

r e  l a  t ionship. 

I n  o p e r a t i o n  it  w a s  found d e s i r a b l e  t o  ope ra t e  the  conve r t e r  g r i d  

a t  apprcx imzte ly  100 v o l t s  negat ive t o  keep n e u t r a l i z i n g  e l e c t r o n s  i n  

t h e  beam and t o  prevent s t r a y  e l e c t r o n s  from reach ing  the  phosphor 

and d i s t o r t i n g  the  d i sp lay .  

The d e f l e c t i o n  e l e c t r o d e s  used on t h e  t h r u s t o r  a r e  shown i n  

Figs .  1 and 3 .  S l i g h t l y  d i f f e r e n t  ve r s ions  were a l s o  t r i e d  with 

s i m i l a r  r e s u l t s ,  To avoid c o l l e c t i n g  n e u t r a l i z i n g  e l e c t r o n s  from t h e  

beam, nega t ive  (or zero)  p o t e n t i a l s  were app l i ed  t o  t h e  d e f l e c t i n g  

e l e c t r o d e s .  I n  g e n e r a l  i t  was found t h a t  beams were d i s t o r t e d  a s  w e l l  

a s  d e f l e c t e d  by t h e  app l i ed  f i e l d s .  A t  least  two e f f e c t s  c o n t r i b u t e  

t o  t h i s  d i s t o r t i o n .  The f i r s t  i s  the nonuniformity of t he  e l e c t r i c  

f i e l d  i n  the  d e f l e c t i o n  region. Figure 7 shows q u a l i t a t i v e l y  t h e  

e l e c t r i c  f i e l d  c o n f i g u r a t i o n  produced by two arrangements of 

e l e c t r o d e  p o t e n t i a l ,  I n  Fig. 7a, two of the t h r e e  e l e c t r o d e s  a r e  a t  

z e r o  p o t e n t i a l  while t he  t h i r d  i s  a t  a nega t ive  p o t e n t i a l .  I n  

Fig.  7b, one e l e c t r o d e  i s  a t  zero p o t e n t i a l ,  the  second i s  a t  some 

nega t ive  p o t e n t i a l  and the t h i r d  is a t  h a l f  t h a t  p o t e n t i a l .  I n  each 

case  it  i s  r e a d i l y  appa ren t  t h a t  s i g n i f i c a n t  d i s t o r t i o n s  w i l l  be 

produced i f  beam s i z e  o r  beam motion i s  comparable t o  t h e  r a d i u s  of 

t h e  d e f l e c t  ion a r r a y .  

I n  experimental  ope ra t ion  both c o n f i g u r a t i o n s  were t r i e d .  

D i f f e r e n t  beam d e f l e c t i o n  pa t t e rns  were produced but one was not  

s i g n i f i c a n t l y  b e t t e r  t han  t h e  other  so  t h e  s imple r  one of Fig. 7a 

was adopted. 
-8 For beams wi th  perveance of 10 a m p / ~ o l t ~ ’ ~  o r  h ighe r  t h e  more 

important d i s t o r t i o n s  appear t o  be produced by space-charge fo rces ,  

App l i ca t ion  o f  negat ive vo l t age  to one o f  the d e f l e c t i o n  p l a t e s  
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c r e a t e s  a r eg ion  of nega t ive  p o t e n t i a l ,  T h i s  p o t e n t i a l  tends t o  

exclude e l e c t r o n s  from the beam which, be fo re  a p p l i c a t i o n  of the 

d e f l e c t i n g  p o t e n t i a l ,  was f u l l y  space-charge n e u t r a l i z e d .  Exclusion 

of the e l e c t r o n s  l eaves  a region w i t h  n e t  p o s i t i v e  charge. Enough 

n e t  charge i s  c r e a t e d  t o  terminate  a l l  the  f i e l d  l i n e s  l eav ing  the  

nega t ive  e l e c t r o d e ,  The r e s u l t  then i s  t h a t  the app l i ed  e l e c t r i c  

f i e l d  a r ' r ' e c ~ s  che s i d e  n f  the beam nea re r  the nega t ive  e l e c t r o d e  

while the f a r  s i d e  is  sh i e lded  by the plasma, This  q u a l i t a t i v e  

e x p l a n a t i o n  ag rees  with observed beam d e f l e c t i o n  d i sp lays .  A quan t i -  

t a t i v e  s tudy  would involve ex tens ive  a n a l y s i s  and numerical  computation 

and is o u t s i d e  the scope of the present  p ro jec t .  

I n  i n t e r p r e t i n g  the beam d i s p l a y s  the assumption w a s  made t h a t  

c u r r e n t  d e n s i t y  was cons t an t  over the f a i r l y  we l l  de f ined  beam pa t t e rn .  

Measurements of l i g h t  i n t e n s i t y  could have been made, bu t  s t a b i l i t y  

of the d i s p l a y  in s t rumen ta t ion  d i d  not  warrant  it .  

The procedure i n  making a beam d e f l e c t i o n  measurement w a s  t o  

photograph both the undeflected and d e f l e c t e d  beam d i sp lays .  Measure- 

ments were than made on each photograph t o  determine the  p a t t e r n  

c e n t r o i d ,  From the  c e n t r o i d  s h i f t  and the d i s t a n c e  from the  midpoint 

of t h e  d e f l e c t i o n  e l e c t r o d e s  t o  the c o n v e r t e r  g r id ,  the beam d e f l e c t i o n  

a n g l e  was c a l c u l a t e d .  

I n  performance mapping Thrustor  1, measurements were made with 

d e f l e c t i o n  p o t e n t i a l s  of 50, 75, '00, 130, 150 and 200 v o l t s .  Corres-  

ponding beam d e f l e c t i o n  ang le s  a r e  p l o t t e d  i n  Fig. 8, A l i n e a r  f i t  t o  

the f i r s t  f i v e  d a t a  points  i s  a l s o  shown, The 200-volt  po in t  was 

d i s r e g a r d e d  i n  making the l i n e a r  f i t  s i n c e  non l inea r  terms appear t o  

be important  i n  t h i s  region. Typ ica l  d i s p l a y  photographs and measure- 

ment p a t t e r n s  a r e  shown i n  Figs.  9 and 10. I n  performance mapping 

T h r u s t o r  2, d e f l e c t i o n  p o t e n t i a l s  f o r  d e f l e c t i o n s  i n  one-degree i n c r e -  

ments were taken from the s t r a i g h t  l i n e  f i t  of Fig. 8; each d e f l e c t i o n  

i n  each d i r e c t i o n  was held f o r  1 0  minutes. Measured d e f l e c t i o n  

e l e c t r o d e  c u r r e n t s  a r e  l i s t e d  i n  Table 111. 
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Table I11 

DEFLECTION ELECTRODE CURREh'T 

Thrustor  1 

E lec t rode  P o t e n t i a l  E lec t rode  C u r r e n t  
(Ne ga t i v e  ) 

6 0" 

5 0  12 

75 16 

100 10 

13 0 12 

15 0 10 

2 00 1 7  

18 

37 

56 

73 

93 

112 

Thrustor  2 

5 

5 

7 

10 

1 2  

20 

Microamperes 

i8 uo 3 GOO az i n i u  ili 

18 12 

15 12 

18 8 

15 15 

55 12 

24 20 

6 

6 

8 

8 

10 

13 
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A. Undeflected Beam 

B. Deflected Beam 

FIG. 9 PHOTOGRAPHS OF FLUORESCENT BEAM DISPLAY 
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5 .  THRUSTOR ENVIRONMENTAL TESTING 
I n  accordance wi th  paragraph 1I.C. of E x h i b i t  "A" of Con t rac t  

NAS3-7936, a p-3d m i c r o t h r u s t o r  (number 2) w a s  v i b r a t e d  as s p e c i f i e d  

i n  Tables I and I1 of Goddard Space F l i g h t  Center  S p e c i f i c a t i o n  

No. S2-0102, Revi s ion  C, da t ed  8-6-65. These s p e c i f i c a t i o n s  are 

reproduced i n  Appendix A of t h i s  report .  

23 May 1966 w i t h  e x p l o r a t o r y  sweeps i n  each a x i s  t o  look f o r  r e sonan t  

modes, (The t h r u s t o r  w a s  the same as t h a t  shown i n  EOS drawing 

706130, excep t  t h a t  t h e r e  was no porous rod i n  the r e s e r v o i r  and 

the rear h a l f  of the r e s e r v o i r  valve w a s  l e f t  o f f , )  

The tests were begun on 

During t h i s  prel iminary t e s t  the i n t e r n a l  engine assembly 

e x h i b i t e d  a s t r o n g  resonance a t  a frequency of approximately 60 Hz, 
( In  the  fo l lowing  s t a t emen t s  the z-z a x i s  is the t h r u s t o r  a x i s  of 

symmetry.) S p e c i f i c a l l y ,  the engine survived the schedule of Table I 

i n  the  z - z  and y-y axes, It a l s o  survived a sweep i n  the x-x a x i s  w i th  

only 4 g programmed i n  the 17-150 Hz range, When t h e  g f o r c e  w a s  i n -  

c r eased  t o  7.5 i n  accordance wi th  Table I, the  amplitude of resonance 

w a s  s o  seve re  t h a t  t he  feed tube-seal  f i t t i n g  weld (706125) f r a c t u r e d ,  

S ince  v i s u a l  o b s e r v a t i o n  of the resonant  mode i n d i c a t e d  that  the 

i n t e r n a l  engine assembly f l exed  considerably wi th  r e s p e c t  t o  the 

ground r ing ,  i t  w a s  decided t h a t  the suppor t  assembly needed s t i f f e n -  

ing. This w a s  accomplished by the s t r u t  assembly which remains on the 

engine,  A tendency f o r  the h e a t  s h i e l d i n g  t o  migrate a long  the feed 

tube d u r i n g  the z-z shake w a s  observed. T h i s  was minimized by s p o t  

welding s t r i p s  from the outermost s h i e l d  t o  the suppor t  tubes, The 

f e e d  tube w a s  rewelded t o  the  s e a l  f i t t i n g  and the engine reassembled. 

The modified engine was then given a f u l l  t e s t  (both Tables  I and 11) 

on 1 June 1966. 

c 

The s i n u s o i d a l  v i b r a t i o n  showed t h a t  the resonance had been 

inc reased  i n  frequency (appearing a t  about  twice the o r i g i n a l  
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frequency) and e s s e n t i a l l y  e l iminated (no d e l e t e r i o u s  e f f e c t s  occurred) .  

The d e f l e c t i o n  p l a t e s  have s t r o n g  resonances but t h e r e  i s  no change 

i n  t h e i r  r e l a t i v e  geometry a f t e r  the v i b r a t i o n  ceases .  (The resonances 

occur  a t  130 Hz in the  y-y and x-x axes, and a t  about 100 and 400 Hz 

i n  t h e  z-z axis . )  

The random frequency t e s t  ( T a b l e  11) produced no new r e s u l t s  

excep t  t h a t  2 of t h e  3 r e s t r a i n i n g  s t raps  on t h e  h e a t  s h i e l d  f a t i g u e d  

and broke o f f .  

they could e a s i l y  be s t rengthened,  

Although it i s  n o t  c l e a r  t h a t  t h e s e  a r e  r e a l l y  needed, 

I n  summary, t h e  p-3d mic ro th rus to r  (number 2 modified a s  desc r ibed  

above) s u c c e s s f u l l y  passed t h e  referenced v i b r a t i o n  tests.  

6, THRUSTOR SYSTEM OPERATIONAL PROCEDURES 

6.1 Rese rvo i r  F i l l i n g  

Since t h e  t h r u s t o r  assemblies  a r e  shipped from EOS with d r y  

( u n f i l l e d )  r e s e r v o i r s ;  it w i l l  be necessary t o  f i l l  t h e s e  with enough 

cesium t o  permit o p e r a t i o n  f o r  t h e  a n t i c i p a t e d  period of t h rus t ing .  

(The c a p a c i t y  o f  a r e s e r v o i r  is about 30 grams o f  cresium, One gram 

of cesium c a n  provide about 0.2 amp-hour of i on  beam,) 

The following ope ra t ion  should be done i n  a n  i n e r t - g a s  (e.g., 

argon, n i t rogen)  atmosphere. The r e s e r v o i r  i s  r a t h e r  simply f i l l e d  

by p l a c i n g  t h e  engine i n  a h o r i z o n t a l  pos i t i on ,  unscrewing t h e  r e a r  

h a l f  of  t h e  valve assembly, and introducing cesium through t h e  ho le  

i n  t h e  va lve  body,, The r e a r  h a l f  of t he  valve is then  rethreaded 

o n t o  t h e  r e s e r v o i r  and t h e  engine i s  ready f o r  mounting. 

The porous n i c k e l  wick can be wet ted wi th  cesium a t  t h i s  

p o i n t  if des i r ed .  Care must be taken i n  subsequent hand l ing  of t h e  

engine,  s i n c e  only s u r f a c e  tension f o r c e s  keep t h e  cesium from 

migra t ing  i n t o  t h e  feed tube and up t o  t h e  ion ize r .  The process f o r  

w e t t i n g  t h e  wick i s  a s  follows: With t h e  r e s e r v o i r  i n  a h o r i z o n t a l  

pos i t i on ,  a thermocouple connected t o  t h e  vaporizer ,  and s t i l l  i n  a n  

i n e r t - g a s  atmosphere, h e a t  i s  appl ied t o  t h e  r e s e r v o i r  u n t i l  t h e  

v a p o r i z e r  t empera t ure, 
0 

reaches 200 C, It i s  he ld  a t  t h i s  Tva p’ 
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. 
temperature  f o r  approximately one-half hour and then  allowed t o  coo l  

t o  room temperature  before  mounting the  engine.  Experience a t  EOS 

sugges ts  t h a t  t he  wick wet t ing  procedure i s  b e s t  c a r r i e d  ou t  a f t e r  

t h e  engine i s  mounted i n  t h e  vacuum system i n  which i t  i s  t o  be run .  

For t h a t  procedure s e e  Sec t ion  6.2, Engine Mounting. 

6.2 Engine Mounting 

The u-3d mic ro th rus to r  i s  provided wi th  a ground r i n g  which 

is  t o  be used f o r  mounting the  engine i n  a vacuum system. (For mount- 

ing b o l t  c e n t e r  d iameter ,  s ee  EOS drawing C705818.) The engine should 

be mounted i n  a h o r i z o n t a l  p o s i t i o n ,  w i th  t h e  r e s e r v o i r  va lve  a t  t h e  

top and t h e  h e a t e r  leads  toward t h e  bottom. 

Af t e r  t h e  engine i s  p h y s i c a l l y  l o c a t e d ,  t h e  e l e c t r i c a l  

l eads  should be connected. It is suggested t h a t  a t  least No. 18 AWG 

s i z e  copper be used f o r  t h i s  purpose- -cer ta in ly  f o r  t h e  h e a t e r  l e a d s ,  

and p r e f e r a b l y  f o r  t h e  o t h e r s .  

The thermocouple te rmina l  l oca t ed  on t h e  vapor i ze r  provides  

a mechanical connect ion f o r  t h e  thermocouple lead9  which a r e  necessa ry  

f o r  determining t h e  vapor i ze r  temperature ,  T . This  permi ts  a l l  

l e a d s  t o  be broken a t  t h e  engine.  Since one end of t h e  i o n i z e r  h e a t e r  

is  brazed t o  the  engine ,  i t  i s  necessary  t o  connect a lead  t o  t h e  

engine  i t s e l f  t o  complete t h e  ac  c i r c u i t r y .  This lead w i l l  be r e f e r r e d  

t o  as t h e  engine common. It i s  normally f a s t ened  under one of t h e  b o l t s  

on t h e  eng ine - re se rvo i r  f l ange .  

VaP 

Means should be provided a t  t h i s  t i m e  f o r  ope ra t ing  t h e  

r e s e r v o i r  va lve .  This va lve  i s  provided so t h a t  during chamber pump- 

down, the r e s e r v o i r  may be evacuated through i t  r a t h e r  than  through 

t h e  porous wick. 

i ng  ou t  some q u a n t i t y  of cesium through the  i o n i z e r ,  This can r e s u l t  

i n  complete engine f a i l u r e . )  

ex tends  approximately 1 inch toward t h e  c e n t e r l i n e  of t h e  engine.  

Moving t h i s  arm about  0.2 inch toward t h e  r e s e r v o i r  moves a s p r i n g -  

loaded b a l l  away from i t s  s e a t  i n  t h e  va lve  and ven t s  t h e  r e s e r v o i r .  

(Evacuat ion through a wet wick u s u a l l y  l eads  t o  pump- 

The va lve  has  an a c t u a t i n g  arm which 
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This a c t u a t i o n  can be accomplished by a rod p r o j e c t i n g  through a 

s l i d i n g  s h a f t  seal  i n  the  vacuum f lange.  ( I f  a m e t a l  rod is  used 

c a r e  must be taken t h a t  i t  does no t  s h o r t  any l eads  o r  t h e  i o n i z e r  

power supply.)  

Means should a l s o  be provided f o r  wick w e t t i n g  i f  t h i s  w a s  

n o t  done earlier. A simple technique used s u c c e s s f u l l y  a t  EOS i s  t h a t  

of electron-bombardment hea t ing .  A thermionic emitter i s  mounted be- 

low t h e  r e s e r v o i r  and the  i o n i z e r  power supply i s  used t o  provide t h e  

bombardment energy. The same procedure i s  followed as o u t l i n e d  i n  

Sec t ion  6.1,  Reservoir  F i l l i n g .  

All connect ions should be checked f o r  t i g h t n e s s  and e l e c -  

t r i c a l  c o n t i n u i t y  a t  t h i s  same time. Cold h e a t e r  impedances should 

be measured ( i f  d e s i r e d )  and the loca t ion  of a l l  engine elements 

recorded. A f t e r  t h e  vacuum f l a n g e  i s  c l o s e d ,  i t  i s  w i s e  t o  check 

connections a g a i n  f o r  s h o r t s  t o  ground, t o  each o t h e r ,  e t c .  Open t h e  

r e s e r v o i r  va lve  (by pushing the  arm toward t h e  r e s e r v o i r )  be fo re  pump- 

ing down t h e  system. While the system is  pumping down, the  console  

connect ions should be made. 

6 . 3  Console Connections 

There are twelve 15-foot leads which come from t h e  power 

supply console.  The s i x  ac  l eads  have an  average impedance of 0.1075 

ohm p e r  lead.  This  r e s i s t a n c e  should be considered when determining 

the  power d e l i v e r e d  a t  t h e i r  ends. A l l  l eads  a r e  l abe led  and c o l o r  

coded and should be connected t o  the engine according t o  the fol lowing 

t a b l e .  

Labe 1 Color Number Connect t o  

ION. Blue 2 Ionizer  h e a t e r  and engine common 

VAP . Y e l l o w  2 Vaporizer h e a t e r  and engine common 

NEUT. White 2 Neu t ra l i ze r  f i l amen t  

POS. Red 1 Engine common 

NEG . Green 1 Accelerator  e l e c t r o d e  

DEF. Black 4 One t o  each d e f l e c t i o n  p l a t e ,  one s p a r e  
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A comment on t h e  last i tem i s  i n  o rde r  he re .  The DEFLECTION 

PLATE POWER SUPPLY i s  designed wi th  fou r  ou tpu t s .  This pe rmi t s  opera- 

t i o n  of a d e f l e c t i o n  assembly as suppl ied on the  p r e s e n t  t h r u s t o r s  and 

also al lows f o r  o p e r a t i o n  of a n  a r r a y  of fou r  d e f l e c t i o n  p l a t e s .  

The console  provides  a male twi s t - lock ing  connect ion f o r  

accep t ing  inpu t  power (115 Vac) which i s  then  switched t o  a l l  t h e  

modules when t h e  ON b u t t o n  i s  pressed on t h e  SYSTEM POWER panel.  The 

conso le  a l s o  provides  a n  i n t e r l o c k  which i s  a c t i v a t e d  by t h e  door of 

t h e  console  and/or remotely by means of t he  plug so marked on t h e  

rear of t h e  console .  The plug has  four  p i n  connect ions.  I f  p i n s  1 

and 2 are d i sconnec ted ,  t he  high vo l t age  c i r c u i t  i s  opened. Opening 

t h e  door on t h e  console  a l s o  opens t h i s  c i r c u i t  by r e l e a s i n g  t h e  door- 

mounted switch connected i n  series with p i n s  1 and 2. I f  p i n s  3 and 

4 are d i sconnec ted ,  t h e  SYSTEM POWER c i r c u i t  is opened and t h e  e n t i r e  

conso le  i s  s h u t  down. The plug i s  supp l i ed  wi th  p i n s  1 and 2 and 3 

and 4 connected. Remote i n t e r l o c k i n g  w i l l  n e c e s s i t a t e  breaking t h e s e  

connect ions and a t t a c h i n g  t h e  remote connect ions.  

- 

The console  con ta ins  s i x  modules which are l a b e l e d  from t o p  

t o  bottom: NEUTRALIZER HEATER, IONIZER, VAPORIZER, POSITIVE POWER 

SUPPLY, NEGATIVE P W R  SUPPLY, and DEFLECTION PLATES POWER SUPPLY. 

Each one is  fused f o r  2 amps, h a s  c o n t r o l l e d  v a r i a b l e  o u t p u t ,  and 

meters f o r  c u r r e n t  2nd v o l t a g e .  

The NEUTRALIZER HEATER w i l l  supply about  50 a c  w a t t s  and 

p e r m i t s  monitor ing n e u t r a l i z e r  h e a t e r  v o l t a g e ,  V*, c u r r e n t ,  I&, and 

f i l a m e n t  emission,  I . n 
The I O N I Z E R  power supply w i l l  provide about 50 a c  w a t t s  

' ih* and pe rmi t s  monitor ing i o n i z e r  h e a t e r  v o l t a g e ,  Vih, and c u r r e n t ,  

The VAPORIZER power supply w i l l  provide about 25 ac w a t t s  

and c u r r e n t ,  'vap J 

and pe rmi t s  monitoring t h e  vaporizer  h e a t e r  v o l t a g e ,  

Ivap.  
which is  a f u n c t i o n  of t he  d i a l  s e t t i n g  p l u s  a de r ived  s i g n a l .  This 

d e r i v e d  s i g n a l  i s  taken from t h e  n e t  c u r r e n t  f lowing from t h e  p o s i t i v e  

Unlike t h e  preceding power s u p p l i e s ,  t h i s  one has  a n  output  
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and nega t ive  h igh  v o l t a g e  s u p p l i e s  and i s  used as a measure of t h e  i o n  

beam c u r r e n t .  This  c u r r e n t  flows through a r e s i s t o r ,  developing a 

v o l t a g e  which is balanced a g a i n s t  t h e  r e f e r e n c e  v o l t a g e  c r e a t e d  by 

t h e  d i a l  s e t t i n g ;  t h e  d i f f e r e n c e  o r  e r r o r  s i g n a l  de te rmines  t h e  output  

of t h e  supply.  

The POSITIVE PWER SUPPLY provides  up t o  5 k i l o v o l t s  ( a t  

3 mA) above ground and inc ludes  meters f o r  monitor ing t h e  i o n i z e r  

V U A L O 6 L ,  ?+, and c u r r e n t ,  I+. ---la-.,.-.- 

The NEGATIVE PUER SUPPLY provides  up t o  10 k i l o v o l t s  (at 

1 mA) below ground and inc ludes  meters  f o r  monitor ing t h e  a c c e l e r a t o r  

e l e c t r o d e  v o l t a g e ,  V-, and c u r r e n t ,  I-. 

Each of t h e  h igh  vo l t age  s u p p l i e s  has an OVERIDAD ADJUST 

which determines t h e  maximum (3-15 mA) s t e a d y - s t a t e  c u r r e n t  f lowing 

through t h a t  supply.  I f  t h e  c u r r e n t  exceeds t h i s  maximum, t h e  h igh  

vo l t age  and vapor i ze r  s u p p l i e s  a r e  momentarily turned  o f f .  These 

s u p p l i e s  a r e  then  au tomat i ca l ly  turned back on, I f  t h e  c u r r e n t  over-  

load s t i l l  e x i s t s ,  t h e  s u p p l i e s  w i l l  aga in  be turned  o f f ,  This  c y c l i c  

o p e r a t i o n  w i l l  cont inue  u n t i l  t h e  overload is c l e a r e d  o r  a fuse  is 

blown. Opera t ing  exper ience  with t h e  k-3d t h r u s t o r s  a t  EOS i n d i c a t e s  

t h a t  t h i s  c y c l i c  ope ra t ion  should r a r e l y  occur .  

_- 

The DEFLECTIDN PLATES POWER SUPPLY provides  about 750 v o l t s  

a t  any one of four  switched outputs, t h e  o t h e r  t h r e e  being grounded. 

It a l s o  provides meters f o r  monitoring t h e  d e f l e c t i o n  vol tage,  

and c u r r e n t ,  e 

'd.' 

Id  
A l l  v a r i a b l e  c o n t r o l s  must  be re turned  t o  ze ro  before  

o p e r a t i n g  any power supply. This  s a f e t y  f e a t u r e  is  provided on a l l  

modules except  t h e  vapor i ze r  supply which is  pro tec ted  by being 

i n t e r l o c k e d  wi th  t h e  h igh  vo l t age  suppl ies .  

it prevents  burning out  h e a t e r s  due t o  f l i p p i n g  t h e  ON switch while  

t h e  c o n t r o l  is  s e t  f o r  high output, O n  t h e  vo l t age  s u p p l i e s  it prevents  

i n a d v e r t e n t  a p p l i c a t i o n  of immediately high vo l t ages  t o  (poss ib ly )  

exposed e l e c t r o d e s .  

On the  c u r r e n t  supp l i e s ,  

I f ,  f o r  one reason o r  another ,  t h e  l i n e  vol tage  is  l o s t  

t h e s e  v a r i a b l e  c o n t r o l s  must f i r s t  be turned  t o  zero  and then  r e tu rned  
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. 
t o  t h e  previous value.  (This i s  not  t r u e  of the vapor i ze r  c o n t r o l ,  

however. 

reappl ied.)  

It w i l l  f u n c t i o n  again as soon a s  t h e  h igh  vo l t ages  a re  

T h i s  d e s c r i p t i o n  of t h e  power supply console  now al lows f o r  

a d i s c u s s i o n  o f  some prel iminary checks t o  be made be fo re  a c t u a l  

engine opera t ion. 

6.4 Prel iminary Checks 
-6 

The vacuum system should be down t o  lo-"  t o r r  o r  b e t t e r  a t  

t h i s  point ,  The r e s e r v o i r  valve should now be c losed  by removing the 

f o r c e  from t h e  a c t u a t i n g  arm. Pu t t ing  an ohmmeter between engine 

common and t h e  s l i d i n g  metal  s h a f t  ( i f  one i s  used) permits determining 

when t h e  va lve  is closed. Retract the s h a f t  s u f f i c i e n t l y  t o  prevent 

spa rk ing  of t he  i o n i z e r  high voltage.  

The p o s i t i v e  and negat ive h igh  vo l t ages  should now be s e t  

t o  t h e  maximum v a l u e s  expected during operat ion.  Any f a u l t y  wi r ing  

o r  leaks should show up a t  t h i s  time. Return t h e  vo l t age  t o  t h e  values  

d e s i r e d  f o r  i n i t i a l  operation--nominal values  of V = V = 2 kV are 

reasonable  , 
+ - 

The n e u t r a l i z e r  h e a t e r  could be outgassed a t  t h i s  time. 

Simply h e s t  u n t i l  no p res su re  inc rease  shows i n  t he  vacuum system. 

Return t o  zero,  

The i o n i z e r  h e a t e r  should now be turned on. Conservative 

o p e r a t i o n  sugges t s  t h a t  the v a r i a b l e  c o n t r o l  be increased gradual ly ,  

compensating f o r  t h e  change i n  r e s i s t i v i t y  as t h e  rhenium conductor 

g e t s  hot. For complete s u r f a c e  ion iza t ion ,  t h e  temperature should be 

1000°C, o r  b e t t e r ,  on the  ion ize r .  

be monitored by pyrometer readings,  However, ope ra t ion  a t  EOS sugges t s  

t h a t  a n  i n d i c a t e d  input  power o f  14 w a t t s  o r  g r e a t e r  w i l l  be s u f f i c i e n t .  

Again, ou tgass ing  can  be accomplished by going t o  s l i g h t l y  h ighe r  

temperatures  t h a n  normal operat ion d i c t a t e s .  The temperature should 

not  go above 1500 C i n  any case,  s i n c e  t h e r e  a r e  s e v e r a l  engine 

materials which degrade above t h i s  temperature,  Return t o  normal 

o p e r a t i n g  temperature  and t u r n  on t h e  vapor i ze r  power supply, 

It is  suggested t h a t  t h i s  temperature  

0 
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Again, conse rva t ive  operat ion sugges t s  t h a t  the vapor i ze r  

c o n t r o l  d i a l  be inc reased  gradual ly ,  It only t akes  a few wa t t s  t o  

h e a t  t h e  vapor i ze r  t o  300 C, which w i l l  r e s u l t  i n  a beam c u r r e n t  of 

about one m i l l i a m p ,  Since the  vaporizer  is c o n t r o l l e d  by a feedback 

loop, mild f l u c t u a t i o n s  i n  t h e  current ,  I 

i n d i c a t e  s t eady  -s t a  t e beam leve 1s. 

0 

w i  11 and vol tage,  'va p, va p' 

6,5 EnRine Operat i on  

Normal ope ra t ion  of t h e  engine w i l l  c o n s i s t  of s e l e c t i n g  a 

beam l e v e l  with the vapor i ze r  control ,  n e u t r a l i z i n g  ( i f  needed) by 

va ry ing  t h e  emission from t h e  n e u t r a l i z e r ,  and d e f l e c t i n g  the  beam by 

applying v o l t a g e  on one of t h e  t h r e e  p l a t e s .  With a beam of a nominal 1 

mA, 2 kV, t h e  d e f l e c t i o n  s e n s i t i v i t y  i s  approximately 0.05 d e g r e e / v o l t  f o r  

t h i s  assembly. 
-5 i n c r e a s i n g  t h e  p re s su re  momentarily t o  10 t o r r  w i th  argon permits 

v i s u a l  observat ion.  Operat ing ion  engines i n  m e t a l l i c  vacuum tanks 

u s u a l l y  r e s u l t s  i n  s e l f - n e u t r a l i z a t i o n  o f  t h e  beam.  This  is due 

t o  t h e  copious supply of secondary e l e c t r o n s  which are produced 

by beam bombardment of t h e  m e t a l l i c  s u r f a c e s ,  

I f  o t h e r  means o f  d e t e c t i n g  d e f l e c t i o n  a r e  not  a v a i l a b l e ,  

6.6 Shutdown Procedure 

To t e rmina te  engine operat  ion, t h e  v a p o r i z e r  c o n t r o l  d i a l  

should f i r s t  be turned t o  zero, The i o n i z e r  h e a t e r  should no t  be 

tu rned  o f f  u n t i l  t h e  vapor i ze r  temperature i s  below 150 C. The reason 

f o r  t h i s  i s  t o  ensu re  t h a t  a l l  the cesium fed t o  t h e  i o n i z e r  leaves it 

r a t h e r  t h a n  c o l l e c t i n g  i n  t h e  pores, a s  happens i f  t h e  i o n i z e r  cools. 

T h i s  i s  n o t  p a r t i c u l a r l y  harmful i f  t h e  engine remains i n  the  vacuum 

system,for  t h e  cesium w i l l  be d r iven  o f f  t h e  next  t i m e  the  i o n i z e r  i s  

f i r s t  heated.  But i f  t h e  i o n i z e r  i s  exposed t o  t h e  atmosphere while  

s a t u r a t e d  wi th  cesium it w i l l  probably be destroyed by t h e  exothermic 

r e  ac t ions  ce s ium i n  it i a  t e s . 

0 

A f t e r  t h e  vapor i ze r  has cooled, t h e  i o n i z e r  should be turned 

o f f ,  t h e  n e u t r a l i z e r  (if used) turned o f f ,  and a l l  dc vo l t ages  turned 

o f f .  
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6.7 Engine Removal 

C e r t a i n  procedures should be followed i n  removing the  

engine from the vacuum system and from i t s  mounting. F i r s t ,  good 

vacuum p r a c t i c e  sugges t s  t h a t  t h e  sys t em be " l e t  up" t o  a tmospheric  

p re s su re  by admi t t i ng  d ry  n i t r o g e n  o r  argon. Before l e t t i n g  - i n  gas 

check t h a t  the a c t u a t i n g  rod does not open t h e  r e s e r v o i r  v a l v e p  An 

~??err va-lve a t  t h i s  point c r e a t e s  a pressure g r a d i e n t  a long  t h e  wick 

which causes  cesium t o  migrate i n t o  t h e  (lower p re s su re )  feed tube  

volume. This  can lead t o  t h e  same d e l e t e r i o u s  e f f e c t s  mentioned i n  

S e c t i o n  6,2, Engine Mounting. 

--- --- 

Removing o r  r e p l a c i n g  the engine on t h e  mounts is  r a t h e r  

s i m p l e ,  s i n c e  a l l  connect ions m y  be broken a t  t he  engine,  Care 

should be exe rc i sed  i n  manipulating t h e  h e a t e r  connections.  These 

are r a t h e r  d e l i c a t e  and become more so a f t e r  being a t  e l e v a t e d  

temperatures  f o r  long per iods of  t i m e .  

I f  t he  engine is being removed with cesium remaining i n  

t h e  r e s e r v o i r ,  c a r e  should be taken t o  handle it i n  t h e  h o r i z o n t a l  

pos i t i on .  I f  it is not  t o  be r e tu rned  t o  t h e  vacuum system f o r  some 

time, i t  should be s t o r e d  i n  an i n e r t  gas atmosphere. An engine with 

a d r y  r e s e r v o i r  may be handled without regard f o r  t h e s e  precautions.  

7. POWER SUPPLY CONSOIE FUNCTIONAL TEST PROCEDURES 
7 .1  System Power Panel  

1. Make a po in t - to -po in t  c o n t i n u i t y  check of t h e  completed 

c h a s s i s  w i th  an ohmmeter. 

2. Connect a jumper w i r e  between TB500-9 and -10 and between 

TB500-11 and -12. 

3 .  Depress ON b u t t o n  (S502). I n d i c a t o r  l i g h t  (1501) should 

be lit .  

4 .  Measure 115 Vac between TB500-3 and -4 ,  between TB500-5 

and - 6 ,  and between TB400-7 and -8. 

5 .  Momentarily i n t e r r u p t  115 Vac l i n e .  I n d i c a t o r  l i g h t  

should b e  o f f ,  and v o l t a g e  measurements i n  s t e p  4 should 

be ze ro .  
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7.2 

7.3 

6 .  Repeat s t e p  3 .  

7. Depress OFF b u t t o n  (S501). I n d i c a t o r  l i g h t  should be o f f .  

N e u t r a l i z e r  Panel 

1. Make a po in t - to -po in t  c o n t i n u i t y  check of completed c h a s s i s  

w i t h  an ohmmeter. 

2.  Set  Variac (VT-601) t o  ZERO and p l a c e  power switch (S-601) 

t o  off p o s i t i o n .  

3. Connect a 10, 25W r e s i s t o r  t o  output  i eads .  

4 .  Connect l i n e  cord t o  115 Vac. 

5. Place power switch t o  ON. I n d i c a t o r  l i g h t  (1601) should 

be lit. 

6 .  Slowly i n c r e a s e  Variac u n t i l  vo l tme te r  (M601) and ammeter 

(M602) r ead  approximately 5 v o l t s  and 5 amps. 

7 .  Momentarily i n t e r r u p t  115V l i n e .  I n d i c a t o r  l i g h t  should 

b e  off and vol tmeter  and ammeter should r ead  zero.  

8. Return Variac t o  ze ro ;  i n d i c a t o r  l i g h t  should be lit. 

9. P l ace  power switch t o  OFF. 

10. Remove 10, 25W r e s i s t o r .  

11. Connect a 1.5V battery i n  series w i t h  a 1.8KL-2, 1 W  r e s i s t o r .  

Connect p o s i t i v e  l ead  t o  e i t h e r  output  l e a d  and t h e  nega t ive  

l ead  t o  t h e  chassis. 

12. Read approximately 0.75 mill iampere on ameter (M603). 

I o n i z e r  Panel 

1. Make a po in t - to -po in t  c o n t i n u i t y  check of t h e  completed 

c h a s s i s  w i th  an ohmmeter. 

2. Set Variac (VT701) t o  ZERO and p l a c e  power switch (S701) 

t o  t h e  OFF p o s i t i o n .  

3. Connect a 1s2, 25W r e s i s t o r  t o  t h e  output l eads .  

4 .  Connect l i n e  cord t o  1 1 5 V .  

5. Place power switch t o  ON. I n d i c a t o r  l i g h t  (1701) should 

be l i t .  

Slowly i n c r e a s e  Variac u n t i l  vo l tme te r  (M701) and ammeter 

(M702) read approximately 5 v o l t s  and 5 amps. 

6 .  
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7 .  

8. 

9 .  

7.4 

1. 

2 .  

3 .  

4. 

5. 

6 .  

7.  

8. 

9 .  

10. 

11. 

7.5 

1. 

2. 

3 .  

4. 

Momentarily i n t e r r u p t  115 Vac l i n e .  I n d i c a t o r  l i g h t  should 

b e  o f f  and vo l tme te r  and ammeter should r ead  z e r o .  

Return Variac t o  z e r o ;  i n d i c a t o r  l i g h t  should be l i t .  

P l a c e  power swi t ch  t o  OFF. 

Vaporizer Panel 

Make a po in t - to -po in t  c o n t i n u i t y  check of t h e  completed 

c h a s s i s  wirh a n  uhiiiiieter. 

Connect a jumper w i r e  between K401 p i n  1 and TB400-1. 

P l ace  power swi t ch  t o  OFF, set f r o n t  pane l  d i a l  (R404) t o  

z e r o ,  and se t  R415 f u l l y  counterclockwise.  

Connect l i n e  c o r d  t o  115V. 

P l a c e  power swi t ch  (S401) t o  ON. I n d i c a t o r  l i g h t  should be 

l i t ,  and vo l tme te r  (M401) should r ead  approximately 5 v o l t s .  

Adjust  R414 clockwise u n t i l  vo l tme te r  r eads  ze ro .  

Connect a ln, 25W r e s i s t o r  between ou tpu t  l eads .  

Connect a 0-10 v o l t  dc power supply i n  series w i t h  a 10 rCn, 
1W r e s i s t o r .  S e t  ou tpu t  v o l t a g e  a t  z e r o .  Connect p o s i t i v e  

l e a d  t o  TB400-1 and t h e  negat ive l ead  t o  TB400-2. 

Adjust  f r o n t  panel  d i a l  u n t i l  vo l tme te r  and ammeter (M402) 

r ead  approximately 3 v o l t s  and 3 amps. 

Adjust  0 - 1 O V  power supply u n t i l  vo l tme te r  and ananeter read 

approximately 2 v o l t s  and 2 amps. 

P l a c e  power swi t ch  t o  OFF. 

P o s i t i v e  Power Supplv Panel 

Make a po in t - to -po in t  c o n t i n u i t y  check of t h e  completed 

c h a s s i s  w i t h  a n  ohmmeter. 

S e t  Variac (VT201) t o  zero ,  s e t  ove rcu r ren t  ad j u s t  (R201) 

f u l l y  c lockwise and p l ace  power swi t ch  t o  OFF. 

P l a c e  a jumper w i r e  between TB200-3 and - 7 ,  between TB200-6 

and t h e  c h a s s i s .  Connect a 1 megohm, 1OW r e s i s t o r  from t h e  

ou tpu t  l ead  t o  t h e  c h a s s i s .  

Apply 1 1 5 V  between TB200-1 and -2 .  
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5. P lace  power swi tch  t o  ON. I nd ica to r  l i g h t  should b e  l i t .  

6.  Slowly i n c r e a s e  Variac u n t i l  vo l tmeter  (M201) and ammeter 

(M202) read  approximately 3000 v o l t s  and 3 mi l l iamperes .  

7 .  Turn ove rcu r ren t  a d j u s t  counterclockwise u n t i l  power supply 

o s c i l l a t e s  between on and off  c o n d i t i o n .  

8. Momentarily i n t e r r u p t  1 1 5 V  l i n e .  I n d i c a t o r  l i g h t  should be  

o f f ,  vvit i i istcr and ammeter should r ead  zero .  

9 .  Return Var iac  t o  zero .  Ind ica to r  l i g h t  should be  on. 

10. P lace  power swi tch  t o  OFF. 

7 .6  Negative Power Supply Panel 

1. Make a po in t - to -po in t  c o n t i n u i t y  check of t h e  completed 

c h a s s i s  w i t h  an  ohmmeter. 

2 .  S e t  Variac (VT301) t o  ze ro ,  se t  ove rcu r ren t  a d j u s t  (Mol) 
f u l l y  c lockwise ,  and p l ace  power swi tch  (S301) t o  OFF. 

3. P lace  a jumper w i r e  between TB300-5 and - 7 ,  between TB300-6 

4 .  

5. 

6.  

7. 

8. 

9. 

10. 

11. 

12. 

13.  

14. 

and t h e  c h a s s i s .  Connect a 4 megohm, 4 K  r s s l s t o r  between 

ou tpu t  l ead  and t h e  c h a s s i s .  

Apply 115V between TB300-1 and -2 .  

P l ace  power swi tch  t o  ON. I n d i c a t o r  l i g h t  should be  l i t .  

Slowly i n c r e a s e  Variac u n t i l  vo l tmeter  (M301) and ammeter 

(M302) read  approximately 4000 v o l t s  and 1 mil l iampere.  

Momentarily i n t e r r u p t  115V l i n e .  I n d i c a t o r  l i g h t  should be  

o f f ,  vo l tme te r  and ammeter should read  zero .  

Return Variac t o  zero.  Ind ica to r  l i g h t  should b e  l i t .  

P l a c e  power swi tch  t o  OFF. Remove 4 megohm, 4W r e s i s t o r .  

Connect voltohmmeter between ou tpu t  l ead  and c h a s s i s .  Se t  

t o  1 2  mi l l iampere  s c a l e .  

Repeat s t e p  5.  

Slowly i n c r e a s e  Variac u n t i l  meter reads  approximately 3 mA. 

Turn ove rcu r ren t  a d j u s t  counterclockwise u n t i l  power supply 

o s c i l l a t e s  between on and o f f  cond i t ion .  

P l a c e  power swi tch  t o  OFF. 

, 
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7 . 7  

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7 .  

8. 

Def lec t ion  P l a t e  Power Supply Panel  

Make a po in t - to -po in t  concinui ty  check o f  t h e  completed 

c h a s s i s  w i th  an ohmmeter. 

Se t  Variac (VT101) t o  z e r o ,  s e t  s e l e c t o r  swi t ch  (S102) t o  

1, and p l a c e  power swi tch  (S101)  t o  OFF. 

Connect fou r  4 . 7  megohm, 2W r e s i s t o r s  from TB101-1, -2 ,  -3,  

aid -4  r e e ~ e c t i v e l y  t o  t h e  c h a s s i s .  

Connect l i n e  cord  t o  115 Vac. 

P l ace  power swi tch  t o  ON. I n d i c a t o r  l i g h t  (1101) should b e  

l i t .  

Slowly i n c r e a s e  Variac u n t i l  vo l tmeter  (M1.01) and ammeter 

(M102) read  approximately 500 v o l t s  and 9 5  microamperes. 

Ro ta t e  s e l e c t o r  switch from 1 through 4 .  Voltmeter and 

ammeter should read  approximately t h e  same on t h e  fou r  pos i -  

t ions .  

Momentarily i n t e r r u p t  115 Vac l i n e .  I n d i c a t o r  l i g h t  should  

be o f f ,  vo l tme te r  and ammeter should  read  zero .  

9 .  Return Variac t o  zero .  I n d i c a t o r  l i g h t  should be  l i t .  

10. Place  power swi tch  t o  OFF. 

7 . 8  Console I n t e r l o c k  System 

1. Make a l l  c h a s s i s  i n t e rconnec t ions  per  p r i n t  No. 706180. 

2. S e t  a l l  power swi tches  t o  OFF, s e t  a l l  f r o n t  panel  c o n t r o l s  

t o  ze ro  or f u l l y  counterclockwise p o s i t i o n .  

3. Connect t h e  p o s i t i v e  power supply and t h e  nega t ive  power 

supply output  l eads  t o  the  c h a s s i s .  

4. Apply 115 Vac t o  5502, console  input  power. 

5. Depress ON bu t ton  on the system power pane l .  I n d i c a t o r  l i g h t  

should  b e  l i t .  

6 .  S e t  power switches t o  ON on t h e  v a p o r i z e r ,  p o s i t i v e  and 

nega t ive  power supply panels .  I n d i c a t o r  l i g h t s  should be  

lit .  
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7.  

8. 

9. 

10. 

11. 

12. 

13.  

14. 

15. 

16. 

17.  

Remove s h o r t  between P501-3 and - 4 .  A l l  i n d i c a t o r  l i g h t s  

should be o f f .  Replace s h o r t .  

Repeat s t e p  5 .  

Remove s h o r t  between P501-1 and -2 .  Vapor izer ,  p o s i t i v e  

and nega t ive  power supply ind ica to r  l i g h t s  should be o f f .  

Replace s h o r t  between P501-1 and -2. I n d i c a t o r  l i g h t s  

should be  iiz. 

Open door of console ;  i nd ica to r  l i g h t s  should be o f f .  

Close door of console ;  i nd ica to r  l i g h t s  should be  l i t .  

Slowly inc rease  Variac on negat ive  power supply t o  approxi-  

mately 1 mA on t h e  ammeter. 

Slowly i n c r e a s e  Variac on the  p o s i t i v e  power supply u n t i l  it 

o s c i l l a t e s  between on and of f  cond i t ions .  Vaporizer i n d i c a t o r  

l i g h t  and nega t ive  supply should a l s o  o s c i l l a t e  between on and 

o f f  c o n d i t i o n s .  

Decrease p o s i t i v e  supply Variac u n t i l  ammeter reads  approxi-  

mately 1 tnA on ammeter. 

Inc rease  nega t ive  supply Variac u n t i l  it o s c i l l a t e s  between 

on and o f f  cond i t ions .  Vaporizer i n d i c a t o r  l i g h t  and p o s i t i v e  

supply should a l s o  o s c i l l a t e  between on and o f f  cond i t ion .  

Depress OFF bu t ton  on system power pane l .  A l l  i n d i c a t o r  

l i g h t s  should be o f f .  

8. CONCLUSIONS AND RECOMMENDATIONS 

I t ' h a s  been concluded t h a t  small  angle  d e f l e c t i o n  of low perveance 

3'2) ion beams is  f e a s i b l e  a l though t h e  in- -8 (approximat e ly 10 amp /vo 1 t 

formation p r e s e n t l y  a v a i l a b l e  on ion beam d e f l e c t i o n  could b e s t  be  de- 

s c r i b e d  as semiquan t i t a t ive .  I f  ion mic ro th rus to r s  are t o  be used i n  

s a t e l l i t e  a t t i t u d e  c o n t r o l  and s t a t i o n  keeping systems,  i t  would be 

d e s i r a b l e  t o  have more d e t a i l e d  information i n  s e v e r a l  a r e a s :  

1. Beam d e f l e c t i o n  mechanisms and space-charge l i m i t a t i o n s  

2 .  Spreading of d e f l e c t e d  and undef lec ted  beams 
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3. Beam deflection versus deflecting potential relationship 

4 .  Correlation between direct measurements of axial and lateral 

thrust components and electrical measurements of beam de- 

flection and thrustor operating parameters 
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APPENDIX A 

Tables I and I1 of Goddard Space F l i g h t  Center  S p e c i f i c a t i o n  No. 

S2-0102, Revis ion C, da ted  8-6-65, e n t i t l e d  "Applicat ions Technology 

S a t e l l i t e  P r o j e c t  Technicai  Requiremiits",  

Table I 

S inuso ida l  Vibra t ion  Schedule 
Component Design Q u a l i f i c a t i o n  

Frequency Ax is  

10-25 Thrus t  
25 -250 Z -Z 

250-400 
400-2000 

10-17 L a t e r a l  
17 -25 0 x-x 

250-400 and 
400-2000 Y -Y 

T 

Leve 1 
(0-Peak G) 

+ 2.3 
11-5 

+ 18.5 
T - 7.5 

- 5 0  in. double ampl,  
+ 7.5 

15.0 
r + - 7-5 

Table I1 

Random E x c i t a t i o n  Vibra t ion  Schedule 
Component Design Q u a l i f i c a t i o n  

T e s t  
Durat ion 

4 Min. 
per a x i s  

Frequency 

20-150 

15 0-3 00 

3 00-2000 

0.0225 

Inc reas ing  from 
150 cps a t  a 
cons t an t  r a t e  
of +3.0 db per 
oc tave . 

0,045 

Accelera t ion  
(g-rms) 

9.2 
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